L16tat actuel de la physique des couplin~s and particle multiplets obey hautes enerqies, et en particulier notre connaissance actuelle des particules fondasome symmetry. Differently stated : the mentales sont examids afin dl&valuer les possibilit6s de yrogrss futur ainsi aue le Lagrangian of the theory must be symmetric r61e a jouer par les futurs Grands AccGlBrateurs Europsens. under some transformations, and these
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The present status of high-enerqy each other. If these requirements are not physics, and in particular our present knowledge on fundamental particles and fulfilled then the theory is non-renormalitheir interactions, are critically examined in order to assess what proqress can be zable, which simply means that going beyond expected in the future and the role to be played by future European Accelerators.
the lowest order approximation one obtains infinity for all kinds of perfectly sensible quantities. Some of it will be known, but we will tell it all to sketch a coherent tableau. + no a c t u a l p r o p a g a t i o n , and t h e mass h a s n o t For i n s t a n c e t h e c o u p l i n g W (e-ve) i m p l i e s been measured. a c o u p l i n g WO (%ve) : n e u t r a l c u r r e n t s a r e
Up t o 1 9 7 1 no t h e o r y e x i s t e d f o r t h i s p r e d i c t e d . P i c t o r i a l l y t h i s law c a n be kind of p r o c e s s ; everyone t r i e d t h i s model r e p r e s e n t e d a s a r a c e -t r a c k . T h i s t r a c k o r t h a t , and t h e r e e x i s t e d many more o r must be c l o s e d ( F i g . 3 )
. I n t h e Weinberg model t h e symmetry i s SU2, and p a r t i c l e s a r e grouped i n s i n g l e t s and doub1,ets ( f i g . 2 ) . There a r e f o u r
+ -
v e c t o r -l i k e ' p a r t i c l e s , namely W , W , WO and photon y. Under SU2 t h e p a r t i c l e s o f a m u l t i p l e t t r a n s f o r m i n t o each o t h e r , and a l s o t h e v e c t o r p a r t i c l e s t r a n s f o r m i n t o each o t h e r . A s a consequence i n v a r i a n c e under t h e group i m p l i e s t h a t one s o r t o f c o u p l i n g g e n e r a t e s o t h e r s .
The r e a c t i o n s e-+ ve+ W and e-+w+ e imply t h e e x i s t e n c e o f e-+e-+ WO and ve+ve+ wO. S i m i l a r l y f o r t h e p-v 1-1 system.
F i g . 3
The s o -p r e d i c t e d n e u t r a l c o u p l i n g s imply t h e e x i s t e n c e o f t h e r e a c t i o n :
T h i s r e a c t i o n (and o t h e r s i m i l a r r e a c t i o n s have meanwhile been observed (Gargamelle, CERN). T h i s v e r y i m p o r t a n t e x p e r i m e n t a l d i s c o v e r y g r e a t l y enhanced t h e c r e d i b i l i t y c o u p l i n g s shown i n f i g . 6 . The corresponding of t h e model. t h e o r y i s t h e Cabbibo t h e o r y of weak i n t e rBut now comes t h e q u e s t i o n of c o u p l i n g a c t i o n s .
t o hadrons. Nowadays most high energy p h y s i c i s t s b e l i e v e i n q u a r k s , and i n any c a s e it i s a n e f f e c t i v e d e s c r i p t i o n . A t t h a t time t h r e e q u a r k s were needed t o e x p l a i n t h e t h e n known p a r t i c l e s . These q u a r k s were c a l l e d t h e up, down and s t r a n g e quark r e s p e c t i v e l y , w i t h c h a r g e s 2/3, -1/3
and -1/3. Each of t h e s e q u a r k s comes i n Cabbibo model of weak i n t e r a c t i o n s t h r e e v a r i e t i e s , and t h i s i s denoted by a of hadrons c o l o r code.Thus t h e r e a r e t h r e e up-quarks F i g . 6 c a l l e d up-red, up-blue and up-green.
Most of t h e knqwn hadrons a r e made up from t h r e e quarks w i t h t h r e e d i f f e r e n t c o l o r s ( t h u s making w h i t e a l t o g e t h e r ) o r s + U + Wa quark and an a n t i q u a r k from t h e same U -t s + w + c o l o r ( o r r a t h e r c o l o r and t h e complemen-I f gauge t h e o r y a p p l i e s t h e n t h e r e must be t a r y c o l o r , t h u s a g a i n making w h i t e ) . t r a n s i t i o n s such t h a t t h e r a c e -t r a c k c l o s e s Examples ( t h e b a r d e n o t e s t h e a n t i p a r t i c l e ) : A new quark of charge 2/3 is introduced in the G.I.M. scheme Indeed, the sum total is zero ! This is very s a t i s f a c t o r y , even i f we know very l i t t l e a b o u t t h e u n d e r l y i n g t h e o r y .
However, t h e e x p e r i m e n t a l i s t s from SLAC had a n o t h e r s u r p r i s e coming: t h e y d i s c o v e r e d y e t a n o t h e r l e p t o n , t h e T w i t h i t s own n e u t r i n o . T h i s r p a r t i c l e behaves r e a l l y p r e c i s e l y a s a n e l e c t r o n , e x c e p t t h a t it i s much h e a v i e r . I t has t h e same charge a s t h e e l e c t r o n , it seems t o be coupled i n weak i n t e r a c t i o n s p r e c i s e l y l i k e t h e e l e c t r o n , and f u r t h e r m o r e , l i k e t h e e l e c t r o n , it i g n o r e s t h e s t r o n g i n t e r a c t i o n And f i n a l l y , l i k e t h e e l e c t r o n , it h a s i t s
own n e u t r i n o , a s was s u b s e q u e n t l y d i s c o -
vered. T h i s e x g e r i m a n t a l d i s c o v e r y , unasked f o r by t h e o r i s t s had one u n d e s i r e d consequence : t h e T -l e p t o n u p s e t s o u r e l e c t r i c
balance.
How t o c u r e t h i s e l e c t r i c unbalance ?
I f we t r y t o c u r e t h i s w i t h q u a r k s we need a n o t h e r two q u a r k s , t ( t o p , charge 2/3) and b (bottom, c h a r g e -1 / 3 ) , each a g a i n i n t h r e e c o l o r v a r i e t i e s . Then, by j u s t d u p l ic a t i n g t h e c o n f i g u r a t i o n seen w i t h e l e c t r o n and muon t h e e l e c t r i c b a l a n c e c a n be r e s -
t o r e d . Of c o u r s e , t h e r e a r e o t h e r r e s p o n s ib i l i t e s , b u t i n t h e p r e s e n t t h e o r e t i c a l scheme t h a t was t h e s i m p l e s t p o s s i b l e e x t e n s i o n .
Another m i r a c l e occured. Very r e c e n t l y Lederman e t a l . , d i s c o v e r e d a n o t h e r new p a r t i c l e t h a t looked v e r y much l i k e t h e f i r s t symptom of a bottom quark w i t h a mass of a b o u t 5 GeV. I n f a c t , t h e y d i s c o v e r e d t h e u p s i l o n , w i t h a mass o f a b o u t 9.5 GeV, and t h i s u p s i l o n was s p e c u l a t e d t o a bottom-anti-bottom quark bound s t a t e . I f t h i s i s t r u e t h e n we must e x p e c t a n o t h e r round o f s p e c t r o s c o p y i n t h e 5 GeV r e g i o n .
Meanwhile DESY i n Hamburg has confirmed and aucpented t h i s d i s c o v e r y . And v e r y soon
PETRA, t h e new e l e c t r o n machine i n Hamburg, w i l l h o p e f u l l y g i v e us a l l t h e d e t a i l s .
Aside from t h e bottom quark we s r i l l need a n o t h e r q u a r k , t h e t o p quark. By now most h i g h energy p h y s i c i s t s a r e p r e p a r e d t o b e l i e v e t h a t it e x i s t s , and we w i l l a l s o assume t h a t it w i l l be d i s c o v e r e d i n due time. But now one g e t s t h e uneasy f e e l i n g t h a t l e p t o n s and q u a r k s a r e l i k e r a b b i t s , m u l t i p l y i n g i n an u n c o n t r o l l e d way. Is t h e r e a l i m i t t o t h i s game ? W i l l more and more l e p t o n s and quarks t u r n up a s we go t o h i g h e r and h i g h e r e n e r g i e s ? Is t h e r e a l i m i t ? What do we know ?
L e t u s make a n i n v e n t o r y of t h i n g s d i s c o v e r e d so f a r . A p i c t u r e resembling t h r e e f l a g p o l e s emerges (Fig.10) The t h r e e f l a g p o l e s F i g . 10
Forces between t h o s e p a r t i c l e s a r e due t o gluons t h a t mediate s t r o n g i n t e r a c t i o n s and c o u p l e o n l y t o q u a r k s , and t h e weak f o r c e s a r e due t o t h r e e v e r y heavy v e c t o r The f i r s t q u e s t i o n t h a t comes t o mind i s : a r e t h e r e s t i l l more l e p t o n s and q u a r k s ? Is t h e r e prehaps a n i n f i n i t e sequence of f l a g p o l e s ?
Concerning t h i
a r t i n t h e p a r t i t i o n . And a f t e r t h e " f r e e z e i n " t h i s r e f l e c t s i t s e l f i n t h e neutron/proton r a t i o , which i n t u r n c a n be observed from Helium abundance i n t h e Universe. And secondly, i f it comes t o weakly i n t e r a c t i n g n e u t r a l p a r t i c l e s such a s mass-less n e u t r i n o ' s t h e n t h e r e c a n n o t be t o o many k i n d s of them, b e c a u s e , b e i n g s t a b l e , t h e y would s t i l l be around and add t o t h e 'energy c o n t e n t of t h e Universe. That however can be t o l e r a t e d o n l y up t o some extend.
The c o n c l u s i o n from t h e s e arguments i s t h a t t h e r e a r e a t most 8 d e g r e e s of freedom a v a i l a b l e f o r s t a b l e massive n e u t r a l l e p t o n s . As f o r mass-less n e u t r i n o ' s t h e r e i s s t i l l room f o r 2 o f t h e s e . Thus i f new f l a g p o l e s c o n t a i n a l s o mass-less n e u t r i n o ' s
t h e n we c a n t o l e r a t e a t most two new f l a g p o l e s . I n any c a s e , t h e number i s l i m i t e d , and t h e r e can b e no i n f i n i t e s e r i e s o f f l a g p o l e s w i t h mass-less n e u t r in o ' s .
The above argument depends on cosmol o g y , and f u r t h e r m o r e t h e new n e u t r i n o ' s c o u l d have mass, be u n s t a b l e , and s o e s c a p e t h i s argument. I f however t h e s e n e u t r i n o ' s
a r e p a r t o f a f l a g p o l e , w i t h c e r t a i n mass d i f f e r e n c e s between t h e p a r t i c l e s o f such a f l a q p o l e , t h e n a n o t h e r argument a p p l i e s .
I t has been shown t h a t t h e sum of t h e mass d i f f e r e n c e s cannot exceed a c e r t a i n number, and t o be s p e c i f i c , i f t h e r e i s o n l y one new f l a g p o l e t h e n t h e mass d i f f e r e n c e must be l e s s t h a n 5 0 0 GeV. While t h i s number i s l a r g e , it i s n e v e r t h e l e s s n o t i n f i n i t e , and a g a i n we conclude t h a t t h e number of f l a g -
p o l e s i s l i m i t e d . I n f a c t , i n c l u d i n g a l s o some o t h e r , much vaguer c o n s i d e r a t i o n s , o n e g e t s t h e f e e l i n g t h a t t h e r e i s maybe o n e , o r perhaps two new f l a g p o l e s , b u t no more.

So t h i s i s a s f a r a s t h i n g s have come today. The v e r y e x c i t i n g p a s t 8 y e a r s have brought u s gauge t h e o r i e s , a s w e l l a s a massive amount of e x p e r i m e n t a l d a t a showing t h a t t h e s e i d e a s a p p l y t o weak, e . m . and s t r o n g i n t e r a c t i o n s . And g r a d u a l l y we have come t o a new s i t u a t i o n , w i t h new q u e s t i o n s
and new p e r s p e c t i v e s . Again n a t u r e p u t s new p y s t e r i e s i n f r o n t of u s , and a g a i n p l a n s a r e made t o probe e x p e r i m e n t a l l y f o r f u r t h e r i n f o r m a t i o n .
A l t o g e t h e r what we know t o e x i s t , o r
b e l i e v e t o e x i s t , c a n be t a k e n a l t o g e t h e r i n a v e r y simple t h r e e f l a g p o l e p i c t u r e .
These t h r e e f l a g p o l e s c o n t a i n f e r m i o n s , t h a t , i s q u a r k s and l e p t o n s , of s p i n 1 / 2 o n l y . F u r t h e r t h e r e a r e f o r c e s between t h e s e p a r t i c l e s , and a s s o c i a t e d w i t h t h e s e f o r c e s t h e r e a r e a d d i t i o n a l p a r t i c l e s , A symmetry i s a s s o c i a t e d w i t h each i n t e r a c t i o n , namely U (1) , SU ( 2 ) and SU ( 3 ) r e s p e c t i v e l y .
I n a d d i t i o n t o a l l t h i s t h e t h e o r y r e q u i r e s t h e e x i s t e n c e o f a t l e a s t one more p a r t i c l e , of s p i n 0 and of a s a s y e t undetermined mass. T h i s p a r t i c l e i s c a l l e d t h e Higgs p a r t i c l e and i n t h e t h e o r y t h i s p a r t i c l e i s t h e r e t o mediate a new f o r c e . T h i s f o r c e i s i n t r o d u c e d a s a means t o g i v e masses t o a l l p a r t i c l e s , fermions and v e c t o r b o s o n s . A s a consequence t h i s Higgs p a r t i c l e i s coupled t o a l l massive p a r t ic l e s , w i t h a s t r e n g t h p r o p o r t i o n a l t o t h e masses o f t h e s e p a r t i c l e s .
Looking a t a l l t h i s many q u e s t i o n s a r i s e . F i r s t of a l l , b e l i e v i n g e v e r y t h i n g s t a t e d s o f a r , t h e r e a r e s t i l l g e n e r a l ununderstood f a c e t s of t h e t h e o r y . For i n s t a n c e , we do n o t understand y e t complet e l y quark confinement. It seems a n e x p e r imental f a c t , t h e t h e o r y a l s o c o n t a i n s some s t r o n g s u g g e s t i o n s i n t h i s s e n s e , b u t up t o now n o t h i n g h a s been proven.
Secondly, t h e r e a r e some f a c t s p r e d i ct e d by t h e t h e o r y t h a t have n o t y e t been t e s t e d e x p e r i m e n t a l l y . For i n s t a n c e , t h e W-bosons o f weak i n t e r a c t i o n s have, n o t y e t ,
been shown t o e x i s t . And a b s o l u t e l y n o t h i n g i s known f o r s u r e a b o u t t h i s new f o r c e a s s o c i a t e d w i t h t h e e q u a l l y h y p o t h e t i c a l Higgs p a r t i c l e .
T h i r d l y , t h e r e a r e f a c t s observed f o r which we have no e x p l a n a t i o n . To be p r e c i s e
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JOURNAL DE PHYSIQUE l e p t o n p a i r goes w i t h what a u a r k p a i r , b u t we have a r r a n g e d them i n o r d e r of i n c r e as i n g mass.
Concerning now t h e s e masses we r e a l l y have no i d e a where t h e y come from. I n t h e t h e o r y t h e y correspond t o f r e e parameters and it i s r e a l l y t h i s f e a t u r e t h a t i s d i st u r b i n g . The t h e o r y h a s t o o many f r e e parameters. I t seems i m p o s s i b l e t o e s c a p e t h e i d e a t h a t t h e r e must be a deeper s t r u ct u r e , which t h e n n a t u r a l l y g i v e s r i s e t o t h i s l a r g e number o f t h i n g s .
I f we a c c e p t t h i s view t h e n t h e v e r y fundamental q u e s t i o n of t h i s moment i s
: a t what energy w i l l t h i s d e e p e r s t r u c t u r e show up ?
Very l i t t l e c a n be s a i d on t h i s m a t t e r . The Only c l u e d i s c o v e r e d s o f a r i s i n t h e
Higgs system. Now t h i s system i s respons i b l e f o r t h e p a r t i c l e masses, and it seems n a t u r a l t o suppose t h a t t h i s i s t h e segment o f t h e t h e o r y t h a t i s t h e most i n t e r e s t i n g from t h e above p o i n t of view.
Here t h e f o l l o w i n g f a c t h a s been d i s c o v e r e d i f t h e Higgs p a r t i c l e i s h e a v i e r t h a n 1000 GeV t h e n t h e Higgs f o r c e s become v e r y a n energy of about 300 GeV. Right now c o n s t r u c t i o n i s underway t o p u l l a n t ip r o t o n s of t h e same energy i n t o t h e same r i n g , t u r n i n g however i n t h e o p p o s i t e s e n s . I n t h i s way c o l l i s i o n s i n v o l v i n g hundreds of GeV w i l l be p o s s i b l e by t h e end of 1981.
However, t h e p r o t o n (and t h e a n t ip r o t o n ) i s n o t a n e l e m e n t a r y p a r t i c l e , b u t t h e n t h e humber s u g g e s t e d by t h e t h e o r y : energy w i l l p r o b a b l y n o t b e beyond 300 GeV something i n t h e range o f 1000 GeV. W e i n t o t a l , b u t t h i s i s enough t o e x p l o r e e x p e c t t h a t a t a n energy below, o r n o t much f o r f u r t h e r f l a g p o l e s , and t o e s t a b l i s h above t h i s v a l u e t h i n g w i l l c r a c k up, w e t h e e x i s t e n c e o f t h e v e c t o r bosons.
i t t e d ( i n t h e form o f p i o n s , u l t im a t e l y ) . A l t o g e t h e r we e x p e c t a complex s i t u a t i o n , and it w i l l be v e r y d i f f i c u l t t o observe t h e e f f e c t s t h a t we a r e i n t e -
w i l l s e e a new s t r u c t u r e , and heaven knows Moreover, we may r e s o n a b l y hope t o g e t more
what it w i l l be. i n s i g h t i n t h e Higgs f o r c e s , because such
What can be done from a n e x p e r i m e n t a l a machine would be c a p a b l e o f t h e produc- I n f a c t , w i t h t h e r a d i u s g i v e n t h e l o s s i s a b o u t 1 . 5 % p e r t u r n , which means t h a t p e r t u r n 3 x 1 0 -~ kwh must b e provided. Now t h e e l e c t r o n s t u r n 10.000 t i m e s p e r second, t h a t i s 3.6 x l o 7 t u r n s p e r h o u r , and we s o 3 f i n d an energy l o s s of 10.8 x10 kwh= 11 Mw. S i n c e t h e r e a r e two beams we have a l o s s of 22 Mw, which must b e provided c o n t i n u o u s l y . T h i s s e t s t h e s c a l e o f ' t h i n g s . The power must be provided through c a v i t i e s t h a t a r e f e d by k l y s t r o n s , o s c i l l a t i n g a t a f r equency o f 353 Mhz. Of c o u r s e , l o s s e s a l s o o c c u r h e r e , and f u r t h e r m o r e t h e r e i s energy consumption a l s o i n t h e bending magnets.
A l l t o g e t h e r t h e machine w i l l need more t h a n 100 Mw t o g e n e r a t e , i n t h e end (going t o h i g h e r energy) perhaps a s much a s 300 Mw Apart from a l l o t h e r d i f f i c u l t i e s a l s o t h i s energy consumption ( a b o u t 10-30 % of t h e o u t p u t of an e l e c t r i c i t y c e n t r a l ) may w e l l be an o b s t a c l e . I n any c a s e , we a r e c l e a r l y coming t o t h e l i m i t s of t h e p o s s i b l e . I f e v e r we want t o go t o h i g h e r e n e r g i e s we w i l l need o t h e r p r i n c i p l e s . A The p l a n i s n o t t o a s k f o r more money, b u t t o do i t w i t h t h e p r e s e n t means. Whether t h i s i s r e a l l y p o s s i b l e , and whether governments w i l l a g r e e w i t h t h i s w i l l become c l e a r w i t h i n t h e n e x t two y e a r s .
And t h e n perhaps around 1988 experiments w i l l s t a r t probing f u r t h e r i n t o t h o s e v e r y , v e r y deep m y s t e r i e s of n a t u r e .
